The study of rainfall characteristics changes is critical for agricultural, environmental and water resources projects. Generally, trend test performs for evaluation of direction and magnitude of changes, but the test is not able to demonstrate abrupt change in time series if it occurs. In this research work, recent changes of rainfall characteristics of the Karun and Dez watershed, located in southwest of Iran, were evaluated. For determination of change points and trends of rainfall characteristics of varrious time series, Pettitt and Man-Kendall tests were applied to analyse these time series. A forty-eight (48)-time series from 12 meteorological stations in the aforementioned watershed were investigated. Results of the study showed that the change points in 5-time series were statistically significant at 95% confidence level. Change points produced considerable errors in evaluation of magnitude and direction of trends of the time series. Therefore, for prevention of false conclusion, it is suggested that change points of the time series must be known before analysis.
INTRODUCTION
The changing pattern of precipitation deserves urgent and systematic attention, as it will affect the availability of food supply and the occurrence of water related disasters triggered by extreme events. Precipitation is the major driving force of the land phase of the hydrologic system, and changes in its pattern could have direct impacts on water resources (Dore, 2005) . Dam planning and operation might also be affected by changing precipitation. In some regions, increased precipitation infers increased energy benefits if the storage capacity exists and if annual distribution of rainfall is favorable. Otherwise, increased storm events may mean higher flood flow that affect downstream populations and potential consequences for dam safety. Decreased precipitation will reduce hydropower generation; will provide less water for irrigation and other uses, and will increase competition and conflicts for a dwindling resource (Kumar et al., 2010) . Quantities of different variables of rainfall are widely *Corresponding author. E-mail: Meysam.salarijazi@gmail.com. Tel: +989355715266.
used for planning and design of agricultural and water resources projects. To obtain reliable estimates of rainfall characteristics and determine the magnitude of climate fluctuations, it is necessary that the components of time series are relatively homogeneous.
Many researchers investigated the trend of rainfall characteristics in the world. Global average precipitation is projected to increase, but both increases and decreases are expected at the regional and continental scales (IPCC, 2001) . Becker et al. (2004 Becker et al. ( , 2006 and Gemmer et al. (2004) found significant trends in monthly precipitation in the Yangtze River watershed. Endo et al. (2005) detected positive long-term trends in summer precipitation, number of rainy days, and precipitation intensity from 1961 to 2000 in China. Wang and Zhou (2005) studied trends of annual and seasonal mean precipitation and extreme precipitation events in China during , and reveal temporal and spatial trends. Ha et al. (2009) demonstrated from data on rainfall for a long period of time of nearly 100 years (1912 -2006) observed from five weather observation stations in Korea that rainfall in August had increased since 1960. In the United Kingdom, increases in heavy wintertime events and decreases in heavy summertime events have been found (Osborn et al., 1999) . Shrestha et al. (2000) did not find any distinctive trend in monsoon precipitation between 1948 and 1994 in the Nepalese Himalaya. Nicholls et al. (2000) calculated various indices for monitoring variations in Australian climate extremes, and showed that, most of the investigated trends in the various indices of climate extremes were relatively weak and lacked statistical significance, and no clear trend has merged in the percentage of Australia in extreme rainfall (drought or wet) conditions, since 1910. Sharma et al. (2000) found an increasing trend in rainfall at some stations and a decreasing trend at other stations in the Kosi watershed in eastern Nepal and Southern Tibet. Khan (2001) did not detect any trend in Jhelum flows at Mangla reservoir (Pakistan) and precipitation at three stations in the Jhelum catchment. He did not accomplish detailed study on rainfall trends in the Kashmir Valley. Archer and Fowler (2004) studied the precipitation at 17 stations in the Upper Indus watershed, had not find any statistically significant long-term trend in annual or seasonal precipitation over the last century. Zhai et al. ( 2005) found that while there is little trend in total precipitation for China as a whole, significant increases in extreme precipitation have been found in western China, the mid-lower reaches of the Yangtze River, and parts of the southwestern and southern China coastal areas. Zhang et al. (2005) showed that the trends in precipitation indices, including the number of rainy days, the average precipitation intensity, and maximum daily precipitation events in Middle East, were weak generally. Moberg et al. (2006) showed that, winter precipitation totals, averaged over 121 European stations in north of 40°N, had increased significantly by 12% per 100 years, and trends in 90th, 95th and 98th percentiles of daily winter precipitation have been similar. New et al. (2006) in their study of trends in daily extremes over mainly southern Africa for the period 1961 to 2000, concluded that there are few consistent and statistically significant trends in the precipitation indices that they calculated. The base of usual accomplished researches was normal climatic periods that these periods had not overlap on each other. Because of existence of required data, some researchers considered optional periods for their investigation. Tarhule and Woo (1998) also studied the changes of rainfall characteristics in north of Nigeria. Kim and Suh (2008) demonstrated great changes in annual rainfall, the total number of days with rainfall, and rainfall intensity occurred in the mid-1990s over South Korea using the Bayesian statistical method. These researches did not study the existence of some special events such as the occurrence of a drought period or existence of nonhomogeneity or the process of significant changes in the data. Jones and Hulme (1996) showed that the beginning of drought in the West Africa occurred suddenly and statistical properties of rainfall time series had significantly different with the pre-drought periods. The non-homogenity in climate time series may be with an abrupt change (mutation), a gradual process, or an extra mutation (Easterling and Peterson, 1995) . Determination of occurrence and magnitude of data characteristics is important for avoiding wrong and contradictory inferences. The quantity of annual rainfall in a point is a function of different characteristics such as return period of rainfall events, intensity and duration of rainfall events. Nonhomogeneity in the annual rainfall shows changes of these effective characteristics. Researchers of this research studied existence of change points in the annual rainfall series (R α ) and trends of the annual rainfall series. Also they considered number of days with rainfall more than 1 mm in the year (D α1 ), number of days with rainfall more than 5 mm in the year (D α5 ) and the number of days with rainfall more than 10 mm in the year (D α10 ) in the Karun and Dez watershed.
The goals of this study include:
1. Identify the occurrence of significant statistical trends and change points in the rainfall characteristics time series. 2. Evaluate magnitude and direction of trends prior and after the change points. 3. Evaluate magnitude of change points.
MATERIALS AND METHODS

The case study
The Karun and Dez watershed (Great Karun watershed) has area of 67,500 Km 2 approximately. This watershed is located between 30° to 34°15' north latitude and 48 to 52° east longitude and covers partly of Chaharmahal Bakhtiari, Lorestan, KohkeloyehBoyerahmad, Isfahan and Khuzestan provinces. The vast range of height levels and characteristics of the Zagros Mountains and its effects on climate produce relative non-homogeneity on climate parameters.
Former studies show that average annual rainfall is approximately 600 mm in this watershed. In this study 12 meteorological stations have been considered.
The reasons of selection of these stations are suitable duration of recorded data, availability of data and confidence to validity of data. The researchers did not lengthen data of these stations but estimated the missing values. Missing values was estiated base on corrolation analysis between investigated station and nearest station in its neighborhood. All of these stations were not located within the watershed, but due to the small distance, geographic situation and climatic conditions are suitable for representing large parts of the Karun and Dez watershed. Length of recorded period of data in these stations is between 38 and 55 years and end of date of period is 2005. Table 1 shows characteristics of these stations. In Figure 1 , the Position of the Karun and Dez watershed is shown in Iran.
The non-parametric tests of change point and trend
Two statistical methods are applied in this study to analyze change points and the spatial and temporal trends of rainfall characteristics time series: Kendall, (1975) subsequently derived the statistic distribution test. Its advantage is that selection of statistic distribution is free in this method and this method does not assume any special form for data statistical probability distribution function, (including censored and missing data) .Thus, the Mann-Kendall test has been found as an excellent test for trend detection by other researchers in similar applications. Under the null hypothesis of no trend, and the assumption that the data are independent and identically distributed, the zero mean and variance of the S denoted by σ 2 is computed as:
Then, the standard normal variant is used for hypothesis testing, and Z is designated as the statistic trend test, as follows:
Thus, in a two-tailed test for trend, the null hypothesis (H0), that there is no trend in the dataset and its rejection or its acceptation depend on if the calculated Z statistics is more than or less than the critical value of Z-statistics obtained from the normal distribution table at 5% significance level. However, it has been reported many times that the presence of serial correlation may lead to an erroneous rejection of the null hypothesis (Yue and Wang, 2002) and (Yue and Pilon, 2003) . Therefore, a modified pre-whitening method, namely trend free pre-whitening (MK-TFPW), was applied in dataset with significant autocorrelation to eliminate the effect of serial correlation . A positive Z indicates upward trend and vice versa (Kahya and Kalayci, 2004) .
The Pettitt test
It has been used to identify a change-point in time series, and assumes that the observations form an ordered sequence (Pettitt, 1979) . The Pettitt test (Pettitt, 1979) , which is an approximation for a sequence of random variables of the non-parametric method, is used to identify a change-point in time series and can be briefly described as follows: Once the change point is detected in time series, then it is divided in to two sub-series. sub-series prior and after the change point form homogeneous series.
In this test mann-whitney statistic (Ut,T) must be calculated. Ut,T is equivalent to mann-whitney statistic for testing two samples(x1, x2…xt) and (xt + 1, xt + 2,…,xT) which come from the same population. The statistic test Ut,T is given by:
The most significant change-point is found where the value |Ut,T| is max (KT = max|Ut,T|) and the significant level (S.L) associated with KT + or KT − is determined approximately by:
In this study for rejection of the null hypothesis, the specific significance levels are 0.05. In the other words, if a significant change point exists, the time series divided to two parts at the location of the change point. The approximate significance probability for a change-point is defined as P = 1 -ρ. 
RESULTS
Results of the trend test
Non-parametric Mann-Kendall test is widely applied for evaluating the existence of statistical significance trend in hydrological time series (Hirsch et al., 1982) . This test has the advantage of unrequiring any distribution form for the data and has the similar power as its parametric competitors (Serrano et al., 1999) . Therefore, it is highly recommended for general use by the World Meteorological Organization (Mitchell et al., 1966) . In this study, the significant level is chosen at α=0.05, thus |Z |> 1.96 will indicate significant trend. The results of this test have been expressed in Table 2 . However, in more cases, results show decreasing trend in the entire time series, and only in two cases, trends in level of probability 05 . 0   are significant. Because of assumption lack of change point in the time series, Mann -Kendall test is applied on the entire time series. Obviously, if a time series has change point, Mann-Kendall test must apply on the created sub-series by change point.
Results of the change point test
Non-parametric Pettitt test can determine change point in the time series. Statistically significance change points were determined by this test in
The results of this test are expressed in Table 3 . According to these results it is observed that only in 5 time series (10.4 percent), existence of change point is confirmed by Pettitt test. The times of occurrence of change points is shown in Table 4 and Pettitt test reveals that change points are not occurred in normal climatic periods. Table 3 shows existence of change points in five time series. These time series must divide to two sub-series when change point occurs. Therefore, researchers investigated trend of divided sub-series. Change point shows occurrence of principle change in the data. Therefore, Mann -Kendall test is applied on sub-series. Researchers calculated the ratio between the mean of the sub-series after the change point and the mean of the sub-series prior to the change point for time series that had statistically significant change points. These ratios show magnitude of change points. This statisticsis between 0.67-1.31 in these time series. These changes reported by other researcher in worldwide (Tarhal and Wu, 1998; Kim and Suh, 2008; Chase et al., 2003; Duan and Yao, 2003; Baines, 2006) . Linear regression method is a parametric method for determining trend slope of time series. For time series that show significant change points, linear regression test is applied on entire time series and sub-series. Therefore, effects of change point can be observed by linear regression method clearly. Table 4 shows magnitude of change points and results of parametric and non-parametric tests in entire series and sub-series. However these results emphasize investigation of occurance of change points in hydrological time series (Zhang et al., , 2009a . A sample of application of the explained processes in annual rainfall time series ) ( a R in the Ahvaz station has been shown in Figures 2, 3 and 4. These figures show that without investigating of change point in time series, trend analysis lead to incorrect inference. Figure 2 shows that time series has statistical significant change point in 1966 and entire series must divide to two sub-series 1951-1966 and 1967-2005 . Figure 3 expresses the mean of 
Results of the parametric and non-parametric trend tests in sub-series
Station
Pettitt test result values of second sub-series is more than its first subseries. Figure 4 represents a increasing trend in entire time series without considering of change point. This subject is incorrect and in fact, in two created sub-series two decreasing trends are dominant. 
DISCUSSION
Conclusions
Pettitt test can recognize the existence of change point in time series and divides series in two sub-series based on statistical criteria. Rainfall charactristics time series were studied in Iran sowthwest and in a few time series, fundamental changes (change points) have occurred. These changes are not limited to a period of time or particular place (region) as well. Analysis of hydrological time series without considering the change point may lead to misunderstanding the time series trend. Analysis of change point's magnitude indicates that the sub-series mean after change points in comparsion to the sub-series mean prior change points either decreased or increased.
According to results of this study, it was found that if the occurrence of a change point is not considered in the time series, the trend analysis by parametric and nonparametric tests may lead to obtain incorrect determination of direction and magnitude of the trend. In the other words, direction and magnitude of trends in entire of series is different to direction and magnitude of observed trend in sub-series that were created by change point. Analysis of normal climatic periods without overlapping each other, that widely is used for evaluation of climate fluctuations, may produce error because it is possible that time of change points are not visible in normal climatic periods.
